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Abstract 
Deformation in polycrystalline materials does not occur uniformly in the constituent grains, but shows strong inter- and 
intra-granular variations. The local deformation response depends on lattice orientation, anisotropic elastic-plastic properties, 
hardening and damage behaviour and the microstructural neighbourhood. Understanding of these complex interactions is vital for 
the construction and validation of crystal plasticity models, the introduction of mesoscopic deformation effects into polycrystal 
models and the fundamental understanding of the material’s deformation behaviour. 
Micro-beam Laue diffraction provides an excellent tool for the study of inter- and intra-granular deformation, allowing, 
unlike other microscopy methods, measurements within the bulk of the material. A focused “pink” beam is used to probe the 
interior of individual grains within a polycrystalline sample. The diffracted radiation forms a pattern of Laue spots which is 
captured by an area detector. From the spot positions, lattice orientation and elastic strains can be deduced. The intensity 
distribution within individual spots, can be interpreted in terms of the dislocation arrangement within the gauge volume.  
In this paper we present a novel setup for microbeam Laue diffraction recently developed on the B16 test-beamline at the 
Diamond Light Source, UK, with the aim of collecting a high quality dataset characterising mesoscopic deformation behaviour 
within a polycrystal containing a small number of large grains. Such a dataset was collected from a large grained Ni sample in 
which a number of maps covering several grains were recorded for a sequence of deformation steps. In this paper some first 
results from this investigation are presented. Ultimately the dataset is intended to allowe a direct comparison between crystal 
plasticity models and experimental behaviour. 
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1. Introduction 
Understanding the deformation of polycrystalline structural materials is the key to improving performance and 
reliability of complex engineering components and systems. Capturing the full details of polycrystalline deformation 
either experimentally or through modelling at the sub-grain level is a significant challenge, partly because of the 
sheer volume of information involved and partly due to the complexity of inter- and intra-granular mechanical 
interactions and the interplay between global and local effects. Self-consistent models have been put forward on the 
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premise that groups of grains sharing similar orientation may be represented by a single ellipsoidal inclusion with 
the corresponding elastic and plastic properties, embedded within a homogeneous infinitely extended matrix with 
the effective properties of all the remaining grain orientations. These models can capture successfully the average 
mechanical deformation response of many structural alloys1. 
A limitation of self-consistent models is that they do not capture the effects of complex grain shape, intra-
granular strain variation and mesoscopic neighbourhood on the deformation of a particular grain. For example if a 
“soft” grain happens to be located immediately next to a “hard” grain, then it is likely to behave differently under 
loading, especially close to the grain boundary than it would if embedded in a uniform matrix. These effects may not 
exert a significant influence on average properties, such as stiffness, however, properties such as flow stress and 
fatigue limit which are governed by a “weakest link” mechanism are particularly sensitive to these local effects. In 
fact, it may be expected that the deviation of the local stress from the grain group average stress may be of the same 
order of magnitude as the average stress itself, i.e. the mesoscopic neighbourhood effect can be very strong2, 3. 
This suggests that methods for the investigation of grain-level deformation must involve suitable refined 
simulation techniques to account fully for the local grain environment which are complemented by experimental 
techniques with sufficient spatial resolution to map variations of elastic strains and stresses within individual 
crystallites. 
Microbeam Laue diffraction is an experimental technique ideally suited to this purpose. In this technique a 
“pink” focussed beam is used to illuminate individual crystallites within a polycrystal. The diffraction pattern 
consists of a number of Laue spots that are recorded by an area detector. From the spot locations, lattice orientation 
and deviatoric elastic strain can be computed. Examples of successful applications of this method are the 
measurement of elastic strains and lattice orientation within thin films2, 3 and more recently insitu deformation of 
studies on FIB machined single crystal metal micropillars4, 5.  
The focus of the present study is the development a synchrotron X-ray micro-beam Laue setup for the specific 
purpose of following the evolution of intragranular stress, strain and lattice orientation within individual crystallites 
of a large grained oligocrystal during deformation, as demonstrated for a large grained Ni sample. 
2. Experimental setup and data interpretation 
Diffraction measurements were carried out on test beamline, B16, at the Diamond Light Source, Didcot UK. The 
incoming X-ray beam from the bending magnet source is initially coarsely focussed using a toroidal mirror. The 
combination of a bending magnet source and a toroidal mirror results in a “pink” beam with an energy range of 5-
25keV. Collimation with a pinhole allows a spot size of 50 microns on the sample. Laue diffraction spots are 
recorded using a large-area X-ray CCD camera (Photonic Science Image Star 9000) set at a sample to detector 
distance of ~100mm and a 2 theta angle of 90 degrees (fig. 1). The sample itself is mounted in 45 degree reflection 
geometry on a purpose build loadrig with the loading direction oriented perpendicular to the plane defined by the 
detector normal and the incident beam (fig. 1).  
           
  
 
Figure 1: Experimental setup at test beamline B16 at 
the Diamond Light Source 
Figure 2: a)Ni sample prior to deformation. Central 2x4mm mapping region 
shown in orange. b) Sample microstructure post etching outside gauge region 
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As a demonstration material pure Ni was selected. Waisted dogbone shaped samples (figure 2a)) were machined 
from 300um thick Ni sheet. The samples were heat treated in vacuum at 1200°C to promote grain growth and 
furnace cooled to minimize cooling induced residual elastic strains. Figure 2b) shows a representative micrograph of 
the material with grain size ranging from 100 to 800 microns. 
A total of six load increments were applied to the Ni specimen, corresponding macroscopically to: elastic limit, 
1%, 2%, 6%, 10% and 14% plastic deformation. Maps of diffraction measurements were collected from the central 
2x4mm² gauge region of the specimen (orange in figure 2a)) in the unloaded state and then after every loadstep. The 
spacing between measurement points was chosen as 50 microns, corresponding to the spot size of the incoming 
beam on the sample. Analysis of the Laue patterns was performed using the XMAS software 6 developed at the 
ALS. To ensure reliable and repeatable indexation of the Laue patterns, it is vital that the geometric parameters 
characterising the diffraction setup are accurately determined. This calibration was carried out based on Laue 
patterns collected from a piece of Si wafer mounted in the same place as the Ni sample. 
3. Results and discussion 
A convenient way of visualising how a given crystallite is likely to behave under tensile loading is to compute its 
Schmid factor. A high Schmid factor then represents a “soft” grain, whilst a low Schmid factor indicates that the 
grain will look “hard” for the given loading direction. Figure 3 shows maps of Schmid factor of the Ni sample 
mapping region at different loading increments. Points at which XMAS could not achieve a satisfactory indexation 
of the Laue pattern are marked in black. 
 
 
 
 
In the map of the undeformed specimen grains are clearly identifiable as adjacent regions with approximately the 
same Schmid factor. Their spatial extent agrees approximately with the micrograph shown in figure 2b. Grains in 
the undeformed map can be clearly identified in the maps from subsequent deformation increments, confirming 
consistent indexation of Laue patterns by the XMAS software. 
As deformation progresses the number un-indexable Laue patterns increases. This is due to non-uniform 
lattice orientation within the gauge volume giving rise to elongated or diffuse Laue spots which can no longer be 
fitted with the 2D Gaussian function used by XMAS to identify the spot centres. To illustrate this point, a study of 
diffraction peak shape and its evolution was performed in three grains (figure 4). 
Grain 1 has a low Schmid factor and is thus expected to behave as a hard grain, deforming only little or not at 
all. In the log plots of intensity showing the evolution of the -2-44 reflection with deformation only little 
broadening and streaking of the reflection occurs. This suggests that no fragmentation of the crystal occurs within 
the scattering volume and confirms the grain indeed acts as a hard grain. 
Grain 2 has a higher Schmid factor. It is expected to act as a “soft” grain. For this grain the evolution of the  
-1-35 reflection is shown. During elastic deformation, the peakshape of the reflection remains unchanged. 
However, with increasing macroscopic plastic deformation is applied the diffraction peak broadens and fragments. 
This fragmentation can be explained in terms of the formation of a dislocation cell/wall substructure during plastic 
deformation of pure FCC metals as observed for example by Hofmann et al7.  
Tracking the evolution of Schmid factor with deformation in grain number 3 (figure 3)  a change from an 
almost uniform distribution in the undeformed specimen to a smooth variation across the grain at 14% plastic strain 
can be seen, suggesting the presence of macroscopic lattice curvature in this grain. This is confirmed by the 
evolution of the -335 reflection (fig. 4). During elastic deformation almost no change of the diffraction spot occurs. 
Figure 3: Maps of Schmid factor recorded in the mapping region at different loading increments. X and Y axis are plotted in sample 
translation coordinates in mm. 
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As soon as plastic deformation sets in, the Laue spot becomes steadily elongated. This streaking arises due to the 
presence of net lattice curvature in the gauge volume accommodated by a more or less uniform distribution of 
geometrically necessary dislocations (GNDs). Barabash et al. 8, 9 have presented some modelling attempts to 
interpret the streaking of Laue diffraction spots in terms of GND density and active slip system. Work is currently 
underway to apply this interpretation method to the collected patterns. 
 
 
 
4. Conclusions 
We have presented first results from a novel micro-beam Laue diffraction setup developed at the B16 test 
beamline at the Diamond Light Source. Maps of Laue measurements have been collected from the central 2x4mm2 
gauge region of a large grained Ni sample at a number of loading steps. Interpretation of the resulting maps in terms 
of Schmid factor shows that individual grains can be easily identified and followed during the deformation process. 
Laue spots arising from a “hard”, a “soft” and a “streaking” confirm the grain “hardness” prediction based on 
Schmid factor and provide some clues to the underlying dislocation microstructure and deformation mechanism. 
Work towards a more detailed analysis of these phenomena and comparison with crystal plasticity predictions is 
currently underway. 
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Figure 4: Plot of Laue Spot evolution with loading in a “Streaking” grain, a “Soft” grain and a “Hard” grain. 
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